Syntaxonomy of the class Festuco-Brometea in Ukraine has barely been still explored. There are some scattered and local data, mainly within the Forest-Steppe zone, which need to be compiled and critically reviewed. Similarly, the Azov Sea coastal zone, which, despite the considerable diversity of habitats, remains unstudied phytosociologically. We have carried out large-scale comparisons of relevés from the Sea of Azov coastline with data from other regions of Ukraine, Europe, and Russia. In total, 2336 relevés were used for the analysis. For the analysis, Modified TWINSPAN classification was used. Diagnostic species were determined by means of the phi fidelity index. In total, 9 associations and 4 subassociations, belonging to four alliances, were identified and categorised as follows: Artemisio-Kochion prostratae (ruderalized steppes), Artemisio tauricaeFestucion valesiacae (saline steppe vegetation on sites affected by the sea or saline ground water), Stipo lessingianae-Salvion nutantis (forb-bunchgrass steppe vegetation) and Tanaceto millefolii-Galatellion villosae (bunchgrass steppes). The last alliance is proposed as a new one.
Introduction
The coastal zone of the Azov Sea lies in a unique region, both in origin and natural conditions. It is characterised by high diversity of species and ecosystems. The dominating type of vegetation is formed by a particular kind of steppe vegetation. It is characterised by lower floristic richness and less aboveground biomass compared to steppe vegetation further north. Moreover, its vegetation shows a lower average height, and less flowering aspects during the year (Dembicz et al. 2016 ) thought to be due to the decreasing moisture gradient.
Under the influence of human activity in the 19 th and especially the 20 th century, the landscape of the Azov sea coast was significantly transformed (Matishov et al. 2011) . Residues of natural vegetation (steppe, meadow, halophytic and psammophytic communities, etc.) has only remained in some areas, particularly, at the coast, near the outputs of rocks, in areas of special protection (e.g. military sites, nature reserves, national parks) or in places inaccessible to humans (gullies, ravines, floodplains).
There are four types of steppes in the study area according to the Map of the natural vegetation of Europe (Bohn et al. 2004 ): 1) West and Central Pontic herb-rich grass steppes (Eastern Pryazov'ya); 2) West and central herb-grass steppes (Northern and Don Pryazov'ya); 3) West Pontic grass steppes (Northern, Kerch and Taman Pryazov'ya); 4) West and Central Pontic desert steppes (Syvash and Kerch Pryazov'ya) .
Steppe vegetation of the steppe zone is considered to belong within Fescuco-Brometea class (Solomakha 2008) . The majority of authors attributed this type of vegetation to the Festucetalia valesiacae order (Kostyliov et al. 1984 , Tyshchenko 1996 , 2000 , 2006 , Grechushkina et al. 2012 , Korotchenko & Peregrym 2012 , Vynokurov 2014a . But, recent studies have shown that it should be considered as a new separate order Galatello villosaeStipetalia lessingianae nom. prov. (Vynokurov 2016) . The syntaxonomy of Festuco-Brometea for the coastal zone of the Sea of Azov has previously not been developed in full. However, there are some known studies about classification of the Eastern Crimean steppes (Korzhenevskij & Kljukin 1986 , 1991 , Korzhenevskij et al. 2003 ) from some areas of Prysyvashshia (Dubyna & Dziuba 2007) and from Northern and Eastern Pryazov'ya (Demina 2012 , Grechushkina et al. 2012 , Tyshchenko 2006 .
In view of the current rudimentary state of available information, the authors propose to develop and complement the classification of steppe communities of FestucoBrometea class of the coastal area of the Sea of Azov by characterising selected syntaxa.
Methods

Study area
The Sea of Azov is a small sea (approx. 39,000 km the Sea of Azov are mainly composed of friable abrasive rocks of the Neogene and the Quaternary (Kaplin et al. 1991) intensively influenced by erosion of the sea. Steppe alluvial and loess plains reach close to the sea almost along the entire coastline. They are formed on structures of ancient (Russian Precambrian) and younger (Scythian) platforms. Bedrock coast mainly takes the form of a cliff. It is formed by rocks of the Upper Neogene and Quaternary (Shnyukov et al. 1974) .
According to the geobotanical zoning of Ukraine the study area belongs to the Prychornomor'ya (Pontic) steppe province of the Eurasian steppe region (Didukh & Shelyag-Sosonko 2003) . The sea coast lies within one of the three stripes of the Chornomor'ya-Azov steppe subprovince in the Pontic province (Barbarych 1977) , namely: forb-bunchgrass (Pryazov'ya district and part of Kerch-Taman geobotanical district); bunchgrass (Dnieper-Azov, Azov-Egorlyk and part of Kerch-Taman geobotanical districts); and strip of sagebrush steppes (Prysyvashshia geobotanical district), which covers the territory adjacent to Syvash Bay in the Sea of Azov.
Data collection
The classification of steppe vegetation of the class Festuco-Brometea of the coastline of the Sea of Azov has been developed on the basis of own geobotanical research carried out from 2002 to 2014 in the Ukraine (Donetsk, Zaporizhzhia, and Kherson regions, the Autonomous Republic of Crimea) and in Russia (Rostov region and Krasnodar territory). 478 relevés of 16 to100 m 2 plot size were sampled in the study area according to the BraunBlanquet approach (Braun-Blanquet 1964 , Westhoff & van der Maarel 1973 . Most importantly, the vegetation samples had to meet the criterion of homogeneity. In addition to that, published data from other syntaxonomy studies on coastal steppe vegetation of the Azov Sea was implemented into the data set (62 relevés) (Tyshchenko 1996 , 1998 , 2000 , Dubyna & Dziuba 2007 , Grechushkina et al. 2012 . Plot sizes ranged from 16 to 100 m².
Furthermore, 1758 relevés of Festuco-Brometea class from other regions were also used. 466 of them, sampled by D. Vynokurov (2009 Vynokurov ( -2013 in neighbouring areas of the steppe zone of Ukraine, were obtained from the Ukrainian Grassland Database (EU-UA-001) (Chytrý et al. 2016) . The rest of relevés (1292) from Ukraine, Eastern Europe and Russia were compiled from different literature sources (bibliographic references listed in Vynokurov 2014a). The final data set of 2336 relevés in total was arranged using TURBOVEG 2.0 (Hennekens & Schaminée 2001).
Further on, only relevés clearly suborded to the class Festuco-Brometea were included in the data set: This means that relevés with more than 50% of their species diagnostic to other related classes (e.g. to the Artemisietea vulgaris Lohmeyer et al. ex Von Rochow 1951 or Festucetea vaginatae Soó ex Vicherek 1972 were removed from the dataset. Because of this, all communities described by Grechushkina et al. (2012) , for example, were rejected as they are transitional between steppe, psammophytic and ruderal vegetation.
For the analysis, species which were only determined to genus level and cryptogams were removed from the dataset. Also, some taxonomically ambiguous species were combined into aggregates (Table 1) . Nevertheless, species names are given in narrow understanding without combining into aggregates for the description of the considered syntaxa.
Data analysis
Vegetational classification was conducted by means of Modified TWINSPAN (Roleček et al. 2009 ), implemented in the software package JUICE 7.0 (Tichý 2002). We used the default settings of JUICE (with three pseudospecies cut levels: 0%, 5% and 15%; minimum group size: 5; Whittaker's beta) and tried cluster numbers of up to 15. The analysis was conducted in two steps. First, the entire data set was processed with Modified TWINSPAN to identify the high level syntaxa at alliance level. Secondly, each cluster with relevés from the study area was analysed separately using Modified TWINSPAN with the same parameters as above. Next, associations and subassociations were identified. The type relevés of the associations were used to identify associations within clusters. New associations were established when no types were matched with a cluster.
To identify diagnostic species, the phi fidelity index was used (Chytrý et al. 2002) . It was calculated using presence-absence data with standardization of all groups of relevés to equal size. Non-essential values of fidelity (less than 0.001) were removed on the basis of Fischer's exact test. Fidelity indices were calculated first for the level of association and subassociation. Diagnostic species for the alliance level were calculated after merging associations in alliances. We considered species as diagnostic when phi > 25% and as highly diagnostic when phi > 50% (written in bold letters in the current article); constant species, with frequencies > 25%; highly constant species with frequencies > 50% (also bold). As dominant species we considered those with a mean cover of more than 25%, with a 10% threshold of frequency. 
Results
The most fitting cluster pattern divided the entire data set into 8 clusters, which could be interpreted as alliances (except cluster D which includes 3 alliances) as they had clear ecological and floristical differences (A-H in the dendrogram, Figure 2 ). Clusters A (ruderal steppe communities of Artemisio-Kochion prostratae), B (saline steppes of alliance Artemisio tauricae-Festucion valesiacae), C (bunchgrass steppes) and H (forb-bunchgrass steppes of Stipo lessingianae-Salvion nutantis) consisted of relevés from the coast of the Sea of Azov, as well as other relevés from the south of the steppe zone. Cluster C did not correspond to any syntaxonomical unit at alliance level. Therefore, we propose a new alliance Tanaceto millefoliiGalatellion villosae for the communities of this cluster. Details of the remaining clusters (D, E, F, G), which do not contain any relevés from the study area, are outlined in our earlier publications (Vynokurov 2014a (Vynokurov , 2014b .
The second step of the analysis yielded only one association for the relevés from the study area within cluster A. It was matched to the Goniolimono taurici-Poetum angustifoliae, described by Tyshchenko (1996) for the area of "Obitochna Kosa" Reserve in Northern Pryazov'ya. In cluster B we distinguished between three associations: one was matched to Ferulo orientalis-Agropyretum pectinati, described by Tyshchenko (2000) for Stepok Island (Fedotova Spit). The other two associations have to be described as new ones: Agropyro pectinati-Artemisietum tauricae and Cerastio syvashici-Poetum bulbosae. The third cluster (C), comprising four associations, is the largest one. Two of them did not match any type relevé and should be considered as new: Stipo brauneri-Bromopsidetum cappadocicae and Ephedro distachyae-Stipetum capillatae. Within these new associations, we further differentiated between four subassociations. The other two units of the cluster C match the associations Tanaceto millefolii-Salvietum nemorosae described by Krasova & Smetana (1999) from the northern part of the bunchgrass steppe zone in the Dnipropetrovsk region and Stipo ucrainicae-Agropyretum pectinati, described by Tyshchenko (1996) for the area of "Obitochna Kosa" Reserve. Cluster H, yielded only one association for the relevés from the study area and was assigned to our newly defined association Stipo lessingianaeSalvietum nutantis. In total, nine associations and four subassociations were identified in the second step of analysis. The corresponding synoptic table is shown in Table 2 and their distribution displayed in Figures 3 and 4 . Individual relevés of the new associations are given in Tables 3 and 4 .
Discussion
All of steppe vegetation of the coastline of the Sea of Azov can be categorised to the Festuco-Brometea class. Yet, it strongly distinguishes itself from other European steppe vegetation by the absence, or insignificant participation, of xero-mesic species from Central-European and EuroSiberian forest steppes (e.g. Anthyllis vulneraria, Astragalus monspessulanus, Betonica officinalis, Carex caryophyllea, C. flacca, C. humilis, Centaurea jacea, Festuca rubra, Fragaria viridis, Galium mollugo, Knautia arvensis, Linum catharticum, Luzula campestris, Pimpinella saxifraga, Poterium sanguisorba, Primula veris, Salvia pratensis, Salvia verticillata, Thymus praecox, Trifolium montanum, Viola hirta, etc.) (Dúbravková-Michálková et al. 2008 , Dúbravková & Košťál 2012 , Vassilev et al. 2012 , Foggi et al. 2014 , Sopotlieva & Apostolova 2014 . Additionally, coastal steppe vegetation of the Sea of Azov is characterised by large number of Pontic species not especially common to Central Europe, namely: Artemisia lerchiana, Artemisia taurica, Astragalus ucrainicus, Bellevalia sarmatica, Euphorbia stepposa, Galatella villosa, Jurinea arachnoidea, Salvia nutans, Stipa lessingiana, S. ucrainica, Tanacetum millefolium, T. achilleifolium, etc (Figure 2 ) should be placed in the Festucetalia valesiacea order. The alliance Artemisio-Kochion prostratae includes steppe communities, which has become ruderal due to overgrazing. Dubyna & Dziuba (2007) suggested two associations for this alliance for the territory of the AzovSyvash National Park: Artemisio austriacae-Poetum bulbosae Pop 1970 and Agropyro pectinati-Kochietum prostratae Zólyomi 1958. However, the analysis showed that these names were used not in the proper understanding but as pseudonyms for Goniolimono taurici-Poetum angustifoliae, described by Tyshchenko (1996) Communities of the association are distributed mainly on the slopes of the sea cliffs and surrounding uplands in the Northern (from Rostov-on-Don in the east and Prysyvashshia in the west), Eastern and Crimean Pryazov'ya. In particular, they are common for slopes to Kryva, Samsonova, Bilosarayska, Obitochna, Ochakivska spits, and sometimes along the right banks of Molochny and Utlyutsky estuaries (Figure 3 ). These communities are characterised by the dominance of rhizomatous and loose bunchgrasses (Elytrigia repens, Poa angustifolia, Agropyron pectinatum) and the co-dominance of xerophilous forbs The alliance Artemisio tauricae-Festucion valesiacae comprises saline steppe vegetation. It was described on mud volcanoes of the Kerch Peninsula by Korzhenevskij & Kljukin (1991) within the order Festucetalia valesiacae. According to the common approach this type of vegetation is classified as desert steppes (Bilyk 1973) . In Ukraine such communities are distributed in the far south of the steppe zone, Prysyvashshia, in the lowlands along the Black Sea and along the Sea of Azov, between the Dnieper and Molochna rivers, and in the Crimean Prysyvashshia. In Russia, the communities of the alliance appear in the valley of the Manych river and along the coastline of the Caspian Sea. Korzhenevskij & Kljukin (1991) have suggested one association within this alliance, named Ferulo orientalis- Figure 5 ). Such communities in the study area were referred to Ferulo orientalisArtemisietum tauricae Korzhenevskij & Kljukin 1991 by Dubyna & Dziuba (2007) . However, the floristic composition of these communities is quite different from the original ones described by Korzhenevskij & Kljukin (1991) for mud volcanoes of the Kerch peninsula. Thus, we describe a new association which combines these communities. They are distributed in Prysyvashshia on Kerch and Taman peninsulas within the study area ( Figure 3 ) characterised by a relatively high total cover of vegetation (65−90%). The accumulative richness in the communi- nov. hoc loco (Holotypus: This association combines transitional communities from saline-steppes to real steppes which are spread on the upper slopes of the coastal zone. The distribution of these coenoses ranges as far as Prysyvashshia ( According to our preliminary data (Kolomiychuk & Vynokurov 2014), communities of Tanaceto millefoliiGalatellion villosae are distributed in the bunchgrass steppe subzone of Ukraine (according Barbarych 1977) , which stretches from the Danube estuary in the west to Taganrog Bay in the east. In the North it is replaced by Stipo lessingianae-Salvion nutantis (forb-bunchgrass steppes). We distinguish between four associations of the alliance and four subassociations in the study area. The communities of this association are most advanced of xerosere succession in the region. It is the central association of the alliance, and, accordingly, its distribution area matches with the area of Tanaceto millefoliiGalatellion villosae. In the coastal zone of the Sea of Azov these grasslands are mainly to be found on the uplands and upper gentle slopes. They are commonly distributed in North and Crimean Pryazov'ya ( Figure 4) . The accu- This subassociation comprises pontic hemipsammophytic bunchgrass steppes. They are not widely spread within the observed region and mainly concentrate on the slopes of Molochny estuary, in the Zaporizhzhia region ( Figure 4 ). Next the coastline of the Sea of Azov, such coenoses are distributed in the old estuary of the Dnieper River. The communities form on sandy soils, so they include psammophytic species: Helichrysum arenarium, Astragalus varius, Echinops ruthenicus and Achillea leptophylla. The accumulative richness in the communities of the association sums up to 159 vascular plant species. The total cover of vegetation is 70−90%. (Figure 4) . They occur on medium steep slopes of the coastline. In the study area they do not cover large areas because of ploughing of surrounding upland ecotopes. The accumulative richness in the communities of the association sums up to 122 vascular plant species. The average cover is 70−75%.
The alliance Stipo lessingianae-Salvion nutantis includes vegetation of forb-bunchgrass steppes (Vynokurov 2014b). Its distribution roughly coincides with that of forb-bunchgrass steppe subzone of Ukraine (Barbarych 1977 This association takes up the central position of the alliance. The presence of these communities at the coast of the Sea of Azov was described by Demina (2012) , who included them in Stipetum lessingianae Soó 1949. But, cluster analysis separated relevés from Azov and original relevés from Transilvania in different alliances (Soó 1949) . Thus, we propose to include them in Stipo lessingianae-Salvietum nutantis described in the forb-bunchgrass steppe zone (Vynokurov 2014b). These communities cover upland areas and gentle slopes. They are not widely spread in the area (distributed in Northern, Eastern and Don Pryazov'ya, Figure 3 ), but they are characterised by the richest floristic diversity of all the identified associations at plot level. The accumulative richness in the communities of the association sums up to 104 vascular plant species. The average total vegetation cover is 75−80%.
In the following, we present a syntaxonomic scheme indicating the most used synonyms and specification of type syntaxa. 
Class
Conclusions
The vegetational class of Festuco-Brometea of the Sea of Azov coastal zone comprises four alliances. Whether steppe communities are transformed as a result of natural or by anthropogenic factors, they are related to the alliance Artemisio-Kochion prostratae. They are characterised by a significant number of synanthropic species. The vegetation of saline steppes or desert steppes is classified in the alliance Artemisio tauricae-Festucion valesiacae. In this alliance we distinguish three associations, two of which we propose as new ones. The vegetation of bunchgrass steppes, which is marked by a powerful block of diagnostic species, did not meet any currently known syntaxonomical unit. Therefore, we describe a new alliance Tanaceto millefolii-Galatellion villosae. It features great coenotic diversity and includes four associations and four subassociations. In our study area, the vegetation of forb-bunchgrass steppes is rerpresented by one association which was ordered to alliance Stipo lessingianae-Salvion nutantis. The loess and limestone coasts of the Sea of Azov have been subject to constant and heavy erosion, which is aggravated by currently rising sea levels caused by global climate change. Key factors accelerating coastal erosion processes are the lack of coastal protection strategies, the destruction of accumulative forms that protect abrasion coasts, persistent violations of environmental and water legislation (i.e. construction projects in the protective coastal belt, soil cultivation close to the cliffs). The combined impacts of the abovementioned factors lead to increasing incidents of landslides in the coastal area. As a result, steppe ecosystems are lost or replaced by synanthropic ones. Moreover, the flora of the coastal zone of the Sea of Azov loses its natural makeup while it is more and more anthropogenically influenced. Localities: 1 -46° 21' 04.39'' N, 35° 05' 04.35'' E (19. 07. 2005); 2 -46° 08' 35.17'' N, 34° 15' 57.90'' E (04. 07. 2006); 3 -46° 10' 56.70'' N, 34° 14' 31.51'' E (16. 06. 2005); 4 -46° 08' 14.57" N, 34° 16' 05.60" E (04. 07. 2006); 5 -45° 21' 25.33'' N, 35° 05' 23.64'' E (12. 08. 2011); 6 -45° 28' 51.23'' N, 36° 20' 26.61'' E (09. 09. 2011); 7 -46° 10' 30.35'' N, 34° 45' 24.84'' E (14. 07. 1999); 8 -45° 21' 42.42'' N, 37° 04' 53.45'' E (22. 05. 2009); 9 -45° 17' 12.84'' N, 35° 30' 23.13'' E (08. 06. 2009); 10 -45° 45' 08.57'' N, 34° 42' 38.55'' E (31. 05. 2012); 11 -46° 13' 38.07'' N, 33° 56' 10.86'' E (09. 05. 2003); 12 -46° 07' 27.28'' N, 34° 02' 17.52'' E (09. 05. 2003); 13 -46° 07' 16.34'' N, 34° 27' 02.99'' E (22. 04. 2011); 14 -46° 04' 57.31'' N, 34° 14' 36.70'' E (12. 05. 2011); 15 -46° 07' 36.32'' N, 34° 02' 18.03'' E (12. 05. 2011); 16 -46° 05' 52.01'' N, 34° 01' 25.51'' E (12. 05. 2011); 17 -46° 23' 54.82'' N, 36° 06' 34.61'' E (13. 05. 2011); 18 -46° 05' 16.21'' N, 34° 18' 21.84'' E (26. 05. 2010); 19 -46° 09' 49.81'' N, 33° 48' 43.18'' E (23. 09. 2011); 20 -46° 35' 52.25'' N, 35° 22' 01.83'' E (27. 04. 2013 
